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1
(Evolutionary Algorithm, $EA$ )
$EA$
(Genetic Algorithm, $GA$), (Evolution Strategy, $ES$),




[6, 7, 8, 9].
[6] (proximity graph)
( ), ( ), (
), ( ), 5
$DE$ $F,$ $CR$
NGDE(Neighborhood Graph Based $DE$) $DE$
[7] NGDE
NRDE($DE$
using Nest building and Role sharing) NRDE
2
NRDE
1857 2013 1-18 1
NGDE $DE$
[7] Gabriel (Gabriel Graph, GG) (Relative Neigh-















$(P)$ minimize $f(x)$ (1)
subject to $l_{i}\leq x_{i}\leq u_{i},$ $i=1,$ $\ldots,$ $n$
$x=(x_{1}, \cdots, x_{n})$ $n$ $f(x)$ $f$




$V$ $E$ $G$ $G(V, E)$ (proximity graph)
$V$ (Nearest Neighborhood Graph), Gabriel
(Gabriel Graph, GG) $[10|$ , (Relative Neighborhood Graph, RNG)[II], $\beta$ skeleton[12],
2





$(v_{i}, v_{j})\in E\Leftrightarrow HS(^{v_{i}+v_{j}||v_{i}-v_{j}||}2’ 2)\cap V=\phi$ (2)
$HS(v, r)$ $v$ $r$
$HS(v, r)=\{x|||x-v||<r\}$ (3)
1 $v_{k}$
$v_{i}$ $|$ $v_{j}||$ 2
Gabriel
$RNG(V, E)$










$S$ $N$ $V=\{x_{1}, x_{2}, \cdots, x_{N}\}$ $V$
$S$ $N$ $S$ Voronoi
(Voronoi diagram) $x_{i}$ (generator), $R(x_{i})$ Voronoi (region)
Voronoi $d$
$R(x_{i})=\{x\in S|d(x, x_{i})\leq d(x, x_{j}), \forall x_{j}\in V\backslash \{x_{i}\}\}$ (5)
Voronoi Delaunay (De-
launay diagram) Delaunay Voronoi 3 Voronoi Delaunay
Voronoi Delaunay Delaunay
Gabriel Delaunay




1. $x_{i},$ $x_{j}$ $C_{ij}$ $C_{ij}=0$
2. $S$ $P(x)$ $x^{p}$
3. $x^{p}$ $x_{i1}$ 2 $x_{i2}$
$d(x^{p}, x_{i1}) \leq d(x^{p}, x_{j}), \forall x_{j}\in V$ (6)
$d(x^{p}, x_{i2}) \leq d(x^{p}, x_{j}), \forall x_{j}\in V\backslash \{x_{i1}\}$








$V$ 2 $M$ 2
$M$ $2N$ $N$
4
Differential Evolution ($DE$ )
NRDE(Differential Evolution with Nest-building and
Role-sharing)
4.1 Differential Evolution
Differential evolution ($DE$) Stom and Price[1, 2] (Evolu-
tionary Algorithm) 1 $DE$
$DE$
$n$
1 $+$ 2 $num$ (base vector) $num$




















(exponential crossover) 4 $x^{new}$
$x^{i}$ $x^{m}$ $CR$
4: randint $(1,n)$ $[$ 1, $n]$ $u(0,1)$
[0,1]
$DE$
Stepl : $N$ $P=\{x^{i}, i=1,2, \cdots, N\}$
Step2 :
Step3 $DE$ : $x^{i}$ $x^{m}$ rand











// Initialize a population
$P-N$ individuals generated randomly in $S$ :
for $(t=1;FE\leq FE_{m\infty};t++)$ {
for $(i\cdot 1;i\leq N, i++)$ {
// $DE$ operation






$x^{new}$-trial vector is generated from
$x^{i}$ and $x^{m}$ by exponential crossover
//Survivor selection
if $(f(x^{new})\leq f(x^{i}))z^{i}-x^{new}$ ;
else $z^{i}\cdot x^{i}$ ;
$FE-FE+1$ :
$\}$
$P-\{z^{i}, i=1,2, \cdots, N\}$ ;
$\}$
$\}$










1. : $P=\{x^{1}, x^{2}, \cdots, x^{N}\}$
2. : $C_{ij}$ Delaunay
3. :
4. : ( ) ( )
$DE$ $F$
$CR$








( ) : $x^{i}$ $F=0.3,$ $CR=1.0$
( ) : ( )
$X^{i}$ $F=0.4,$ $CR=1- \frac{1}{n}$
( ) : ( )
( ) $F=0.9,$ $CR$
[0,1]
( ) :













$f(x)= \sum_{i=1}^{n}x_{i}^{2}, -5.12\leq x_{i}\leq 5.12$ (10)
$(0,0, \cdot, 0)$ 0. $f_{2}$ :Rosenbrock
$f(x)= \sum_{i=2}^{n}\{100(x_{1}-x_{i}^{2})^{2}+(x_{i}-1)^{2}\}, -2.048\leq x_{i}\leq 2.048$ (11)




$P=$Generate $N$ individuals $\{x_{i}\}$
randomly;
Evaluate $x^{i},$ $i=1,2,$ $\cdots,$ $N$ ;
for $(t=1;t<T_{\max};t++)$ {
//
for $(i=1;i\leq N;i++)$ {
$x^{i}$ . ups$=x^{i}$ . doms$=x^{i}$ . num$=0$ ;
$x^{i}$ . label $=$unknown;
$\}$
//
for $(k=1;k\leq M;k++)$ {
Select $x^{i},$ $x^{j}$ from $P$ randomly;
$x^{p}=(x^{i}+x^{j})/2;//$
$x^{i1}=the$ nearest individual to $x^{P}$ ;
$x^{i2}=the$ 2nd nearest individual
to $x^{p}$ ;
// : $(x^{i1}, x^{i2})$
$x^{i1}$ .link $[x^{i1}.num]=i2;x^{i1}.num++$ ;









for $(i=1;i\leq N;i++)$ {
if ( $x^{i}$ . ups$>0$ && $x^{i}$ . downs$==0$ )
$x^{i}$ .label $=$ ;




if ( $x^{i}$ .label $==$ ){
for $(j=0;j$ $\leq x^{i}$ .num; $j++)\{$
$k=x^{i}$ . links $[j]$ ;
if ( $x^{k}$ . label $==$unknown) {
$x^{k}$ .label $=$ ;























$p2=$select randomly in $[$ 1, $N]\backslash \{i,p1\}$
$p3=$select randomly in $[$ 1, $N]\backslash \{i,p1,p2\}$
$x^{new}=x_{i}$ ;





j $=$ (j $+$ l)%n;
$k++$ ;





6: NRDE/CHR $x^{i}$ .ups, $x^{i}$ .downs $x^{i}$
$x^{i}$ .queen $x^{i}$
9
. $f_{3}$ : ill-scaled Rosenbrock
$f(x)= \sum_{i=2}^{n}\{100(x_{1}-(ix_{i})^{2})^{2}+(ix_{i}-1)^{2}\}, -2.048/i\leq x_{i}\leq 2.048/i$ (12)
$(1, \frac{1}{2}, \cdots, \frac{1}{n})$ $0$
. $f_{4}$ :Rastrigin
$f(x)=10n+ \sum_{i=1}^{n}\{x_{i}^{2}-10\cos(2\pi x_{i})\}, -5.12\leq x_{i}\leq 5.12$ (13)
(0,0, , 0) $O$






















$n=30$ $fi$ $f_{4}$ rand $DE/rand$ ,
(CHR), (RNG) Gabriel
(GG) NRDE 4 $DE$ $N=50,$ $F$ $CR$
(0.7,0.9) $NRDE/CHR$ $M=100(=2N)$
30 $2n$ $10n$
[14] (1) $1.0\cross 10^{-7}$









NRDE/RNG NRDE/GG $f_{3}$ NRDE$/RNG$
NRDE/CHR $f_{2}$
$NRDE/GG$ 14




NRDE/CHR $DE/rand$ NRDE/CHR $fi$ 62.3%, $f_{2}$ 83.5%, $f_{3}$
84.2%, $f_{4}$ 37.2% NRDE/CHR NRDE/RNG





$f_{i}$ NRDE/GG NRDE$/RNG$ NRDE$/RNG$





















$- \frac{\check{}\Phi\geq 0\Phi}{\circ 0}$
Generations
13: $f_{4}$
(valley), (near valley), (hill) ( ) (best, )
NRDE/CHR 14 17










10 14 16 18
$f_{2}$ $(0,0, \cdots, 0)$
$(1, \frac{1}{2}, \cdots, \frac{1}{n})$
$f_{4}$
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